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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a SiC 
wafer in which anisotropy in the electron mobility is 
small and deformation due to lattice mismatching 
between a SiC substrate and a SiC epitaxial 
growing layer can be reduced by forming a SiC 
buffer layer on the SiC substrate having each 
specified plane orientation and polytype. 
SOLUTION: A SiC substrate having the plane 
orientation of almost (1 1-20) and 4H polytype or 
15R polytype is used. A 4H-SiC(11-20) substrate 2 
is obtd., for example, by growing an ingot by an 
improved Rayleigh method on a 4H-SiC(000-1) 
plane, slicing the ingot parallel to the growing 
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direction, and polishing the surfaces into mirror 

faces. The thickness of the substrate 2 is specified to 150 to 400 pm. A buffer layer 4 
and an active layer 6 are to be epitaxially grown by a chemical vapor phase deposition 
method. Practically, after the substrate 2 is subjected to vapor phase etching with a 
HCI/H gas, the substrate 2 is heated and a source gas (e.g. silane and propane) is 
introduced to grow a buffer layer 4 (to 0.3 to 15 pm thickness) and an active layer 6 (to 
5 to 80 pin thickness). 
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j rnxmnm (11-20)^0, 4 

7rl4t > £M£*. 



Sic aits 



SiC /fy77i 



4H-SiC(11-20)S*5 



■ 6 



i ] rnxmnm ( 1 1 - 2 0 > x-$> 0 . 4 

11*4 7*4 fctil 5 RSbK'J ?4 TOS i Ci« 

b. 

MISS i CSSJiCM^/xtS i Cfrt>%&'<vyT 
Si, 

^s;t^ittss i c>>jy\, 
[«*«2] rolE^'-y^r/lfi. JS$#0. 3//ml3l 

S i OIA. 
i: LTM, 

ME/* y 7 r «fc*J*t&S3IE^ttflj<0»Kti. 2x10 
'6 C m-3JjLh3x 1 0 19 cm-3JilTT'*i»^i:^fSi: 
■f ifcttilHSH2iEtt0>S i C^xyN. 

mfiss i cms&<n*Wte<wte8.i *) t&^zb 
mit. Mies i cs^i:c7)^ffi*^H«ies i cawb&s 

xy\£fl§**;S i C^fAMX. 
[ 8 ] fir IE s i c frh tc h vSttJKo^ffitc&JR 

mttWi. vthix. m ase* t fjie^jR® t -a t >- 3 y 
h*- Hmwm&ztix^&zbzmib-f&nmmi 

[ mem 1 0 1 tm<t£ fc«^t*s«B w»6t»*s 

C IB^JS 1 1 3 &BHfc4 fcfcHW^iMRfcTWrtS 

[»*« i 2 ] ffixmnm < 1 1 - 2 0 ) t 

C^±tc. s i Cfr^h/t yyTmZf&MZit&Z 
t &mi£tl s i C ^x^giil^rSc. 
[ft*Jll3] il2A'7 7rIlC, SiCKtS 

IBacos i OxstolBftAtfe. 

[00 0 1] 
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jttfcS i C7XW CLflSr^x^S i C^ftcfW 

a. feiiAs i c»>xyN<7)Mjt^^re-r^t<7)-e* 

[0002] 

( s i c ) wififl: 

10 JR. x*/l^-«08*HIHg (A>K^fy7) , 

mtLX&3ZmbX^&. U>>L5r#k, *g-&x*>u 
=¥-#Mv*fc*>, ^fi4><7)^-^J(±. *MEET'Ji«^c 

20 [0003] mtKs ic£*mmtftbLx&m-tz> 

nhi&mtf&z. zntzibm&ii, r^yymbmm 
zit^Kmzmm-t&ijm. u-v-mbminz&w 
nm&mzmm^&i?mz£ 0 s i c&m&cosbfrzft 

imvmMikzmfcb txmw z^z^mnm^it 

U COS iC^yd-yhSrX^^x. ^ffiW^LTtS 

iClS^Si?n4J:3(:^^. -tut. -eos« 

30 i^fflxe^dfx-r/^^^^JiSPfaxb^^^A' 
>U&Mmi,zj;~>XBff)Mm<7)S i C#^ B ^^$-^S 

i fc iz x 0 , ^KiMiFftb mm* mm tt^tmnmai 
yW^A^M^ixTv^. 

[00 04] L^L=3r* { 4>. ±IS^Ol*I. r^V^j£ 

i±^b3-7x<?>m^£m&*pxmL, &?m*kw 
%tmmz£r>x&£ , Bzmiiiz-&2><7)x\ 7pmM& 
<, '&btiz>te^m&zi^ikm<oMWi> t wmx'$> 

mmxh h . tt^i^- u -aT-«0iix«f#^^5 9 - 
4 8 7 9 2^isies<o%Bfl-eJS, &-<7)&n l §>mxfii 

*»4 >^ >y h ^ ay \M Ti: v-> 3 ^Mc7)^:Pfi 
( < 0 0 0 1 >lft^rr6]icRjl-r^yh?L) 1-50 
cm-2gjg<7)^-c%tii-cv^. jfcjfc, c®S^ri6itcy>c 
VlV^ft^htAMtiLtfl 03-1 O'cm 

50 [0 0 0 5 ] iilgti, S i C { 000 1 } £>&t^J 
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zm^xumttz s i ctju xk^iixdm rxm 

fciftr k .xfttttf* L < Z b tf>®t?ixX 

at. mwK) s i c^tf^Mx^^^sin-is 

<bii|> S i C { 0 0 0 1 > hh^tzeMfrbSfrM. 10 

n*yABi& : &t& s i cmuzm^x s i c<o*^x 

v>„ dc5oxx yTAy^y^ojg-s-v^';*^ < tch b s 
BtfttBI-^tt (mos) i^ffi^JfiliT&^b-r^co 

X\ MOSll«h7yy^^(MOSFET)^ 

[0006] si ciziz$>m.<Dmgh%>Brf&&t&w. 

ZCD*PX'4Hm#V?J7 (4H-S i C) ;6<ftV\&|fr 
jRSrtfU h*^-^T?*T?c^^Wtx*/Mf-k 

S i c^fls^N'^x-fm^SJii^s 
iC-#V?4TTfo&kntt>iXX^h« Lj^LSt** 
£> . 4H-SiC {0001} $>&\,^$Zcr)Wfrt} 

skmzmi^xMosFETZim-f&b. +-**ivmb 
t*q~ioc e'/v sHKfc#*te*3 < . iSttfiS 30 

[0007] Zixeznmmzmmt&fzitolz. ftPf&W 
H28048 6 0^-X'HS iCO(OOOl) ffiWI^) 

0>j^(f (1-100) mm*ft ^tzm^^m^^x 

&.&U-<J-mz£&f8.£:£'rt?ZtX\ 
7lR«9i!*fir^S i C-f y^MrHtv^. L*»L3:# 
SiC (1-100) fflifcrxtf^v-wHfcKS- 

**. 40 
[0008] * fc, SiC (1-100) 

flM=. 6 H&KU 947<ns i C (11-20) 
fflt^TS i C^x;\£tf^-ri>Sf3Efc&$;h.T^£. -e 
L-T. 6 Hffl*KU*-f 7V)S i C (11-20) 

*K£JHttfUf. <0 0 0 l>|fc&|6jtc#tf4-?-r 9v 

[00 0 9] 

[^^js^LJ:ak-ri»llli] L*>U _Li£6Hg!* 50 
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•JrMT^S i C ( 1 1-2 0) WS&m^fcS i C>7 

SiC (1 1-20) mWLtlZS i CXtT**2^wWl 
SiCim^/HSItSiCi 
W.t<7)ftffilzfe=FT&i*lzJ;Zm*tfmiLX o . 
fit, ^coS^ixf^df^^^^S^^HlitS 

[00 10] 4fc. 6Hl-Ky^^r^6H-S i C 

( 1 1-20) mtezm^x^su xzim-t&i: . m 
v&mjs&mfimffimb**,. PL<yu 6h-si 

C|&l&+fli< 0 0 0 1 >8&#|fiiom^i&jK#< 1 - 
ioo>, <i 1-2 o>um<7)mh&<r>2 0-3 0% 

g^t/h^V^^C. 6H-S i C ( 1 1 - 2 0 ) ffi_h 

; a(*Ko«^f£^ic 3-5 m^mum^ 

tXLto. 

[0011] #3&BJJli. a>a>£»«£^T3r$#t*:*> 

JgtoS^tetf'hS < , s i cssk sicit^ 
*is*frf&Skmbcom?^m&i,z x hmn-zmtax* h 

icv^nm&mzmmi-zzkzmtok'tz. 

[00 12] 

[||!j@£8?&ir£^<D¥8] ±fai3IS£:ft?&-f S*:*') 

fc. *!6 B J^s i c^xm{j. wXiZtfmz (ii-2 
o)xh y ). 4Hm#v*'i-r$*ziii5RW* , J?'( 

TVS i cmfcb. S i CSflth^^n/cS i C*> 

[0013] *&mz&h s i c ^xysci^if, mil 
m^m (ii — 20) cos i cmtet:m\^ti#>. * 

^BJcOS i C»7xy\±tcS i C^IS^Srxe^df ^-a- 

si cmmco< oooi >tt*r6it# 
v\ 6Hm#v ?47cos i cmRtimLxm 

tl&. $^tC. S i CSeUltCS i C Ay 7 r 

i C vSft® ^ fi^« $ ttWrSlZ . S i CiSt S i C*S 
tt®i:<7)tS^^&^tcJ;-S.M^*^ISS i c*SttJifc» 

[00 14] ifc, a' 7 7tSI1 S$*i0. 3/zmia 
± 1 5 m mOT-Cfc & i b U V \ #S|HJJ:t OIS 
*W5£t=J: 0 . XftWcwt-y 7 r Sites i CvSttSSr 
$^tC^MM'>y7r«OJP$Sr0. 3/zmia 

mx # . SiC vgtt® co^tt * C k # J.£B 

*Jt, A' 7 7rMl fig 
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[00 15] a'7 7tII1 Msg. U>\ TlV 

X 1 0 15 cm-3J^±3x 1 O l8 cm- 3 flTti»S:tA 5 
&Kffl£-T&?)(±, ;raftWKftt2xi 0 15 cm-3*ii 

m*. s i cmwL*<r)T-mw®m.± o tfinc 

T\ S iOXAiCS i CvittSSr^L/i^-tC. 
S i s<-y7rm. S i CvS14«<50)llCT^ 

®Jg£&* IZ'Jr* <~T&Zk ifiX'Z h . 
[00 17] £7t. *fS B J^S i C7:r.7>»{i % y\V7r 
Jf±{c. S i C#^&£:£teJf£$^fc{i;i££k£!|t 

t£Rl<?>&i££S i C«Ri:<?D#H*»^>S i CHHmbCO 
IIWtCfaftT i i: LA>. 

[0018] *^<7)S i C^fcxA^ti, ±M<F> 

s ic^fi, wFF&mm^m-Km^zKR^s i 

[0019] i c^aWt^^^ii. £8Bfc 

[0020] *fM8^>S i C ^X^OS^jtTfSJi. ®2r 

(11-20) tmz4 Hm.xvfjy 

fc, vW^rflLLfc:. SiCfrhKhftteMiZblzfo 
[00 2 1] 

[fHBtf>ISjlW>»!tt] KIT. J6W0iB£#SSLT, 
^BCfftS i S i C^*fA'^. fcit/ 

S i C^xvN<o«jfi*ao»a^Sli©BJ||fcov^TBIB 

U »**-4K9ili*«rt-*. 4fc. Htt».«*JJ:V* 

ss^<7)i{eBflT'^B B B o^ s-m & 4 i>w® £ mm-t & m 
SrLtt><. mtwmi. [] . m&irmio* mm 
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[0022] H1I4. *mtmm<?>S iOl^M^I 

( "h" « a#jur . " 4 - im^ mm &4 mx—mm 

b % ><7)4H-SiC (11-2 
0) W&2b. iC (11-2 0) S«2±^ 

IfcSftfcS iCH^A' 7 7rl4i, S»<77r 
«4±fc»J«S*lfc7WXftlU8«DS i C*»4>**a 
10 tW6fc. a»£l»R3ivCvv6. 3r*J. 4H-S iC 

( 1 1-20) msL2<rmnmt. (11-20K 

[0023] *HS6^®<7)S i OxsMOtBft 
#ifc*BMW-*. 4H-S1C (1 l-2 0)aHE2 

tt, «i(f 4 H-sic (ooo-i) ®±t;exAi^- 

U-ifet:J:orj**Lfc-f y=f«y hfclftRarfoteTfrfc: 

4H-s i c ( 1 1 -20) mm.2(omzte. » 

20 1 50/«m-^400^miOKIttl.^fc!&WiL 

5X1 0"cnr'aeH£'*~£ LV*. 
[0024] JJCV^T, 4H-SiC(ll-20)lS 

(C v D)fttci 0^ -x 7 r ® 4 tJ itfvSSl 6 Jxt? 

S«sWtCt4. ±i*. 4H-SiC 
(11-20)112 I*, 7 

a#L^f*, I»-f ^-^T-'J^LTS i CMT'»a$ 
30 iUi^yr^ hM^yriZskWL. CVD^^IB 
t;-b-yh-r«>„ CVD^t{4*S (H 2 ) SrdfA'U^ 

^(4iSJf mmmtm.iz «t o^e. 4h-sic (n- 
20) mm2*%]fcfpi*iizimLt:m. ffxmmtmM 
mmz®®mmL. Hi^vv^/fxzmxLxc 

v Dj&KT Ate: AS . 

[002 5] 4-f, *<7l 3 00X:tHC l/H 2 ^XtC 
J&mffix./^-y^Srff-?*:^ 4H-S1C (11- 
2 0) S«2^1 5 0 0XHC#;SU I^^(x5 
40 y : S i H4, roA*y : CsHs^rk') $:#A LT^^-y 7 
rS4fcirfvS1t®6m^2:ra<t&-ri.. CVDS^T 
(4, IS!!lKt-fS^10 16 cm- 3 -i|f)10 19 cm-3^ 
niS i C^'-y7rii4S:^0. 3 jtz m—f«; 1 5 /i mfilt 
*L^, H^h'^-^J^l 0 14 0i 6 c 
m- 3 c7)nMvSi4)16Sr^5x<m~$«J 8 0jum^*$ 

[00263 tti, /<v7Tm4<?)mzte. mz. o. 
50 rMA^^h^mmt. mm. vy. r/us.-^ 
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\,\ 4fc. /^777l4CfcW?»W, 4H- 

s ic (n-2 0) wb.2 t<wmit*t>m&M6 t<r> 

[0027]iV^, H2*#8BLT, *HJfi^®^S 
i C^xyM^S^^-ri.. as. S i cfflgtcli 

J:at« v^uyNMT&fc'fiS iClt«<0 0 0 1 

lX'imjj&tf ( 1 1 - 2 0 ) COS i CS&SrfflWT^ 

(tares*?) i oii.m\me^t'^mL^\ 

z<r>fz#>. @ttn 6 ttXPB**^ < jpffitttfJWifc & <7) 
[0028] *HJt»JBT(i. 6 HSM*y *-rr 

S i C*K2±(CS i Cfr 
7Tm4tfBf&ZtLX^&fz#>. SiCSI2tSiC 
vgtt® 6 rtNFPJFS&tz J: SM^^'vStt® 6 (c3&£-T 

[ 0 0 2 9 ] 4*. *fMB#6^)«KWS«fc:«t 0 . 

yrm4(Dm ££o. 3 # mmjc-r & £ t x-m^^m 
-&izm-3<mx-t:%)$kmz{&mx'Z . vStt«6<o^tt 

1 5jumJ2TFfc:"*-*U*. j£«l$rai5±tA'3X»-<9M£ 

[00 30] y^7rJ!4(::^4it&^*fi1&K9 
WJgii. 2X1 0 15 cm- 3 ia±3x 1 0 19 cm-3JaTt- 
-f £.1 i:#*?4 Lu. A' 7 7rl4 (c*4fi*^»1WP 
Jg^^Oid^KH^-tS^ti:. WWS#2xi o 

3x l 0 19 cm-3 x v^tti. a?8 

& k - b- y^z j: o * v y r M 4 a ^o^^tt^-ft-r 

[ 0 0 3 1 ] Srfc. *g|fBEHB"«i» 4 HStf 'J :M7* 
COS i CfflR*fflVvfcj&«. C^flfc. 1 5RSbKy*-f7" 

( "R" Ji^ffiflsifc. "15" {iflFPWitfl 5JTC- 
JB»fc&*ISft«l3t****S) «>1 5R-S iC (1 
l-2 0)S«^^tt. S i OXMjbfcjjy&S-lt- 

Itttlzy-Mmztetitz ^cohtch. 
[0032] ttz . *3QfiBJBtf>S i C ^x^ 1 SrfflV^ 

&JS/S i Ctf>^3 y l-^-IW^. xtf**^-wnft 
£4fcfcM * v&Afc: i p nf£-&£W? 

!>«£ .It J^Btffc4*:ti 
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it^mmmiX'BtfLZtitzfflm*'?- h tmmt l 

[0033] ±^coi o^. s i c^xa 1 izm^&m 
%comijm*'i^<&.~os i cmm.2 1 s i cm&m 6 

10 f^^v-\-;U^tcJ:^T^L^pn^^xt^^ 
^rS. SiC (11-20) (±SiC {000 

[00 34] 

20 m&MizmfeztL&i><?)X'ii%\,\ 
[0035] [1156091 ] 01 zmmtx. mum 1* 
WLW-th. *msmx-i±. s i cmm^s i c^aa 

6«^*B^ ;s Ftatt^ii / ^-&3t^C. nM4 H-S i C 

(11-20) a«2±tc-fb^ffl*tm(cvD)^j: 

•) nM«0vStt® 6 . lfc«W)fc«>*C, 4 H - S 

iC(l-100), HXX/ (0001) 8^7 (< 
1 l-2 0>#fp]) ^®^Tf6li:-rSS«(ctRmftv§14 
«$-^$-t*-TfP0L^. 4 H-S iC ( 1 1-2 
30 0). (l-lOO)SStt, 4H-SiC (000- 

i ) m±.iiZisi&i<-v-miz£iXf$.fkLtz'<y3>y h 

->T(^L^. *«(i^TnSf . >y PIMO 
^S-mJE#1±*»4>*i6^lia»H^— «JK(i 1 x 1 0 18 
cm-3~2xl 0 18 cm-3t. W$(i*<73 8 Ojumt* 

[0036] ^n<b<7)aiR$:>illi*S!'fk^ 'J ( KO 
H ) T5 0 Or. 1 O^^t'X y^-y^L^Sg^. 
V^t^-f ^OysMT^Jgl 2 cm-2-2 8cm-2, 
40 io-^AlE(2^5X 1 0 3 cm- 2 ~2x 1 0« cm-2^jg 
CDXmtiZtf&tZ Z t ifim^K. . tctzL . (11-2 
0 ) , (1-10 0) ffiKOWC 15. «^asgptc*«?s 0 
j£<D#^gf®£*T3:-3-C (000 1) ®*^i^l OJ^ffi 
v^ffiSrJiJL. ClcoffiSrX /^-y^tclS^LTXPi^ 

[0037] KOHXy^-y^2:?=ro^S«trS 

mm<±±.if*LxcvDi$.g : z'tT'?fz. znh 

50 -9--fcT^^i5aL. CVD^IC-fe-vhL^. *L 
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x. #xffi&tmn:mmz®.®m*)MLtzik. h 2 * 

[0 0 38] ^-f. 1 30 0 4 CtHCl/H!^CJ: 
&Mfflx-yf->-^-HT^*:fJL 1 5 0 0'CtC#iSL, SL 
MX(y7> : S i H4. rnA'y : CaHs &£■)£# 
ALTJS*£HK&Ufc. CVDEftT'll Ha»h'^-^ 
g3Xl O l7 cm- 3 — 4X 1 0 17 cm- 3 COnMS iO< 

X 1 0 I6 cm' 3 ~2x 1 0 16 cm- 3 <?)nMiS'l4B$: 1 2 

jumii?^. ^c^^^co^^^miTia^ao 10 

-C*&. HRfc, (0001) (11-2 

o) s««ffi 



S1B4SSS 


0. 30s c cm 


C3H8SSS 


0. 20s c cm 




6xl(T 8 sccm 


H28SS 


3. Oslm 




1500*C 




110# 


SiH4«Efi 


0. 50sccm 


C3H8S5S 


0. 50sccm 




2xl(T 8 sccm 


H2«S 


3. Oslm 




1500*C 




180# 



[0039] xt^^^;Hfift$-li^:Stt»6<0«iH 
^IR^I^WtWa-CWKLfcfcC:*. 4H (1.1- 

2 o ) fciif (oooi) 8^ymm.±x'nmmtim 30 

£>*tf:#, 4 H ( 1 - 1 0 0 ) &WLkX'l±&ftmiZ< 1 
1-2 0>tit]ttaM^Oi]flWI»$nfc. i 
<7)4H (1-10 0) m±.<7>ffitt<7>XMlt. 6 H ( 1 - 

ioo) w±.<7>f&Mmx'tnmzti. f&&m<r>m&$m 

^tz> ifc. 1 5 mmx 2 0 mm^l S^iliOS 

>&-rLl>-^8.L%\ l W®mZMMi>'>tebZ?>. 4H 40 
(ll-20)IIT'li4X10 2 cm-2, (1-10 
0)SSt(i8xl0 3 cm" 2 . (000 1) 
S£T<i2X 1 0 3 cm-2T'3bO, 4H ( 1 1 - 20) 

[0 04 0] 03J2. JRTna^SRStil (AFM) fU§?£ 

/57?*4. ( i-ioo) mm±izMfRLtzft&m 
<?mmii. mmnm^m (s$»ioo~3oonm) 

tf£iiMtt£8X/Ct>. 03 (b) (3|t3*vOi&j:3 
fcGflCiA J SiL< : iroTv^„ ifc. B3 (c) J:9. 50 
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1 0 

(0001) 8^7«M±^fiKL^vgtt«<oaBt 

MLX. 4 H ( 1 1 - 2 0 ) WfoUz&f&l.fzft&mX' 
ti. 03 (a) iZ^tlXX^XdiZ. it. bo-y? N 

LtztZcomwmZcOZM^&l (Rms)IJ(ll-2 
0) mfiLklzB&LtzimmX'O . 18nnu (1-1 

00) ifiit'6. 4nm > (OOOI) 8Jlt7S« 
±-C'0. 24nmt^:0. ( 1 1 - 2 0 ) SflUitC^* 

[0041] mz. jS*LfcWB£*MKOH-ex.jr?- 
V^LT. m&m 6 ^cDJSBtrXPfiSrll^fc. (000 

1) 8&*7mLtcr>tet5MX'it. -?4?aW79l8E. 
*il8cm-2. ^Ctt**8x 1 0 3 cm^t^r 

i 0 £ t *: f -y h OftMt J&Kmi t «fc < -St LT V ^ . 
(l-l0 0)S«Lt^14«$rx.y^y^-r^t. £ 
AJ^>e -y ( 1 x 1 O 5 c m- 2 ) &&*rt:f& 

^<7)®j«c7)«tt^-r< 11-20 >*-^t;#i/Tv^ 

ltKOH(cJ:^Ta?<x-y^>^$^v:»«0St«. 
fr<^ ( 1 - 1 0 0 ) *8stT'«:3~8 c m-iTft-)ft»C 
*TU ^f^(±3 0~2 00cm-»i:JiALTV^. 
Liztf->X . (1-10 0) *8Ui(;:vSffii 

C VD j**tc J: oTff^tcSB^Pfi^l&^-r 

[0042] -rfUcttl/C. ( 1 1 - 2 0 ) atLBcfig; 
^L^vS14if^lSKOHT*x-yf->'^-&i:. 
RB!«5-ri.Hft)^h--y H*)*jfc&*2 X 1 0 3 c m -*S 

C<^f#|Sf£#*#>flf^ L^H£x >y f-^^Lrm«i. 

^ u rmmt 1 c m- fe^(sa*ft t 

1 OOcm-^mX'hhZtmtt^tz. -tKb-h. 4 
H-S iC (11-20) *KSrffl^&Cli:(C«t-5T. 

iWWL. SS^PlSt^T^v^aMS i Cxt^ 

tc. v-f ^ oyNM T^<i>ti:^fi^±i: L"C S i 
<o<0 0 0 l>^-j6j(cm/^ (I22#B!) tz#>. 
Q.t¥fr%t!ii'BmX'$>& (11-20) HSrffl^Mf , 
S i C^+^^rrsv-f ?n/U7%b'rfZ<r)±.<r) 
?ffimiz3\%m&ti%^tzibX'S>&. ^rfc. 15R-S 
i c (11-20) *&_t?)*g'l4Jl£xh-;?df 

[0043] [^M^I 2 ] ^JteWm, ^777 Jf*« 



1 1 

mam^R^fmim^htzMz. na4H-s i c 
( 1 1 - 2 0) mLkizm«%m2(onm4H-s i ca 

fzS i Cmm2ii. 2X^l^-U-^tCj:oT4H-S i 
C ( 1 1 - 2 0 ) m&&±lZ J&g ?^4H-S i c-r 
y^f-y h^X5-^XLTf^SL^nS4H-S i C ( 1 
1 - 2 0 ) T\ ^ a •/ hdf-PSM^M-lfflftt*^ 
$W^Kt-f^3xl 0 18 cm-3~4xl 0 18 
cm-3t\ J?${±#73 4 Ojum-C&^fc. 
[0044] ^C7)S i cmfc2±.<,ZF1—®m4X 1 0 
i'cm- 3 ~5Xl O 17 c m- 3 COnM4H-S i CA' 7 7r 
« £Jgj£L*:flL S*EJSnS4 H-S i CJf(K^— 
4X1 O 15 cm- 3 )£ii$2 4jumj£:g§-£7t. 3rt>. 

«4>t;s^^ ^^Ja-r h z. t x-mimi&mwz'fi ~> 

tz. -?-LT. ^•yyrmcom^irO. lvmfrt>22u 

iz;<- y yTmzm.imz&MUzw.immgs i c*§i± 

JIMMlfclSltCVD^S^ffl^-t. 41\ 1400*C 
T'HC 1 /H2$Xl,z£Z>$m^y^->7Z?i-?fz&. 
15 6 0°C£#asU ^4^"XSr»AL-Cfig*2rM4&t 

rty77tei SiH4SSa 0.30sccm 

C3H8SSfc& 0. 20sccm 

N2iftfi SxKT'sccb 

H2iftfi 3.0slm 

g&iSJ? 1560*0 

j£fifffW 3#~520# 

fiHSJi : SiH4fi£3 O.BOsccm 

0. 66 seem 
N2MS 6x10- s seem 
H2Mft 3. Oslm 
SIKiaS 15600 
360# 

[0 0 4 5] 04 fi, S«il$WA7 7rJf£}#OS 
fefr h m>1Z.W3\ t°- ? CO^ffitS (FWHM) W * y 7711 

h^b (400) miff ^fijfflL^ sm&x&mvrzm^K s 

i C (11-20) Btfft"-? (2#=60.05Jg) <7)¥W. 

mx'stmnm&ftzwmLt-z, tea. ^m<r>4u-s 
i c (n-20) mmz$mLx&t>tit:®ifTt'-7 

(D^m^ii 32-3 8arcsec (^ 3 5 arcsec) X'fo ^ 
fz. 

[oo46]a 7 7 rmzm^?izmm±.izw.mmw£ 

nms i CM (24jum) SD&ftLfcS i C^xaco^ 
It® 6 T'Ji, Xi&o •/ * >'^^-7-W^Hi* { 5 2 arcs 
ecb%*). S i Cg^iOSfcL*: (04+, EHftEp 
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1 2 

//m^li, ifc'MSJ: O^FliV^ffllS ( 4 3arcs 
ec) tm^tltztiK '<>yyrmcom$tfO. 3^mULh 

-v /Uft*fc X -> X&&>&}MM* tiX^&dk tfftfri 

tz. mz^ yN' /7T«^i?$*u . 2Mmmmuiv 

li. Affile** 2 larcsec-C'(J{3'-StC : 3ro7t. MMKO 
HX-zfymot (11-20) ffi±c7)te©^Sr 
10 fflitSi:, HSnxiO'cm-^. A' 7 7rI^L 
-CJ&K L^vS1t«-C'{± 2 X 1 05 c m- 2 . 2 /z ml^±0 

A- 7 7 rm^mftz'immx'ii 3xio 3 cnr*~6x 

l o 3 cm* £3:9. WiO'^vyTmo&jgktftyeifr 
lzM.t>titz. 

[0047] z<r>£ o iz. y< y y rmtmshms i CX 
v?*is*)vfow§c?>mki,zm}X'foz>mM&, mmm 
iz^misv-^y^^tLtzs i cmm.tm&mv-v> 
rztitzmmms i c&ftmnmizmEthftrf-Tms 

20 S>Sfc#x4>il?.. -JRtC 1 OiScm-s^jgfcLL^ 
J3&!|%£-&tf S i CgST(i> f(0^1WtSt«toT 
S i Cl&flO^^tfitb*;. &*Wi**"U Lfri> 

znt^Ffemmnmiti*. (11-20) B±cr>£-# 

(OOOllffi±^J:07<lv\ LfzrfiX. 4H 
-SiC (11-20) ^fiUl^Xtf^^^A-^^S- 

tfa^tcji. mRkz^iz&j&tzTyu xmm 

30 [oo48] m®. amwv-r'U xzimt&m 
t=«i. mm<D&tA^i^<-n>tzMz^mmvi—h 
&w±t? z&mmiz v-vyyLfzmwLtfm 

•yyrmzmf&ntfi^. iiinmmmx'im 

3g(N) H-rnlSiCJfflU^ 'J>-(P) H— 
rn^S iC. T/l^ (Al ) , fcitA'*^ (B) H 
-7pIS i c^i^-CHiStT-jfti:;:^, a'./7t 
JKOH^SWIWA^fifc. 1 5R-S i C ( 1 

40 1-20) S«^fflC->T t . £ t &X- 

Ztz. 

[0049] [HS60y3 ] ^SS^yC'ti. >\*-y 7 r!4 
cDMJeS:-^ (3jum) twLT. ^'«y 7r®4F*30^ 

%n®mzmtz-&x*coy)3k£m'<-fz. 10 

mmx 1 5mmc7)^#$<J0nMl 5R-SiC (11- 
20) ««?:<tfflU. HS&H^-^«5x 1 0"cm 
" 3 . mZH3 5 0umkLtz. ZLX. Z<7>S i C«S 
±tC. 05 ( a ) ~ ( c ) t^fSS H-^«K»fli* 
ft^>mZ3um<0'<yyrm4t:&f8.Ltzm. K^- ?g 
50 JS5X 1 O^cm-^ J?$3 2Mm(50lS^JgnSl 5 R- 



1 3 



S i cm&meZX-Vf^is-rlV&L^-ttz. £tz. it 
^tzMZ, M5 (d)(7)J;3(:, A' 7 7rf4^L<7) 
S i C -7X/n (UTF. r SW4 ( d ) j tWth ) him 
Ltz. 05 (a) tC^-TS i C*7x/\ (gfi^ (a) ) T 
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1 4 

*5rC'&&<7){C**U 05 (b) tStSiC^(§{ 
f4 ( b ) ) 05(c) IZffrfS i OX 

^ <H» ( c ) ) -atfmmz^-mmim:^ 



C3H8SLB 



15sccm 
10s c em 



2x10"' ~0. 3sccn(im»ri IJS^S) 



3.0s la 
155ffC 
150# 



IS 30 



SiSH : SiH4Mfi 
C3H8tftal 

[00 5 0] 06(2. ift£><Olffl (a) - ( d ) fco 
WC» »t«2l:|5|«fc:X«Ill^n.ydf->'^-7'* 
aMffiLfeteiRtSrr. A ?7 rJKrL4>l*»<d)Tli. 

Jg#if*U n'y*yr*j-7(0¥Hffiifi8 6arcseci: 
S« (4 3arcsec) J; 0^C# <^-5T^S. diltcW 

( a ) T'fi. 3 5arcseck=5r 0 . »K«fc OI&Fb 

ttjWX#S*tTv*4. s^'tc, /N'-y^yJUWCK-/— 
VA^flt^icM^d-^tCH ( b ) , ( c ) 
A<2 8~3 larcsect^rO. tGB ( a ) iO^Fi^i 
$kt>n%t>ixtz. ZcoZolz. S i C£^2*^*gttJI6 
lzMfX^m>l®g.Z&« tCi&J^tbt/N'y 7rl4t: 
i i; *«ft t & ^ *«!84> o . ^ 

tj. a -y 7 r ®4 pm^mmm»mt Lxvg&mz 

»^S*t^fcas^fc:(lS«Wfc:)3e-(kS-a:4«^'C 

[0051] [HSfttfH ] *SUfeM-C« . 4 H - S i C 
(11-20) XX/ (0001) 8S^7SS^ 

tf-KSrfBKUI:. S i CS1S2(i. 4 H-S i C (0 
0 0- 1 ) WS*±fciS[J*W— U-ttfcJ:->TJ«*Lfc 

6X1 0 18 cm-8, I$(i^3 4 0jumt Lfc. * L 

If)SiCH2lt;. CVDffitCj:oT2*K- 
rnS4H-S i C*£xt*df ^■WWftSS-tirt:. 
[0052] J«fcW3<0iim ( b ) ^RttC. 3X10 
i8 C m-3*^ 1 x 1 0"cm- 3 atFt- WttBSttl 



0. 50s c cm 
0.663CCB 
7il0" 4 SCCB 
3.0s In 
1550"C 
480# 

20*11. 5;umc^y\*.y:7T)f 4£)gj£Utf&. feteMSt 
%Z>mW$.nW4 H-S i CJi*|«*$-*fc. ffltlOH 
S&m{S6X 1 0 16 cra- 3 > I&J5121 6^mt*S. 
^rJo. ifc««Dfc ^77 r!§Kc L<nW£\ ft* L . 
±tz. 4H-SiC (0001) Sm*7Wfc±.l,Zi>. 
mmiZSt-y y Tmt5j:lf&&mZf&M:2-£X S i C7X 

My77i : 



40 



SiD4dBES 


0. 30s c cm 


C3H8M* 


0. 20sccm 


N28SE* 


2il0-3~0.5scca 




3. Oslo 




1520*0 




60# 


SiH48£fi 


0. SOsccm 


C3H8j£S 


0. 50sccm 


«mm 


4i10-3sccb 


E28S& 


3.0s la 




lWC 




240ft 



[0053] SMC. ^£0i3lcLTf^t^#S i C 
•7X7 Me. >- 3 >y h^f- mffil 2t3«fc^-^14«lil 
4 t Ac. x 3 -y hdf-mfii 1 2tei31f Jf 6 <0±S 
fc3tt*U ^--AttmSil 4fiS i CS^2<0TB^ 
^Lfc. *A:. ^3 -y h^f-ttSil 2(Cli^-^y(Ti: 
180nm). 1 4 (Cfi 1 0 0 0X;-C'2 0 

^■^SW&aSrSSL^x.y^;KNi: 200nm) Srfflk^. 

^3 y hdf-msi 2\tnmx\ asiooju 

[0054]-eLT, vs-y h^r-flSil 2imX'<?>m 

ftM^zmrni-ztcMz. (b) -i^yz&xL 



( ; 9 

1 5 

TiSSfitpM^(#- H V V9") 1 6 £JBfifcU ~> 3 -x 
120keV, 80keV, 50keV, 3 0 k e V(7) 

4SPgt^fv\ mv-xmasx 1 0 i3 cm-'afc. 
ifc. H U y-7Z : &fc*Z>mffl& 1 6<^fi»i 1 o 

fe. cft^iiffiw^y&Affi^?^m®& 10 

[0 0 5 5] 081*. fflBLfc^svh^f-^^-H 

il{i4 H-SiC (11-20) 8«it:A'7 7rIS' 
»ttTJ«*LfcS i C*7^\X'imLtz¥4 *-YX\ 

wm.mz 5 0 0 u mX'hz, . atfiri*iifttT'«wffi 2 1 

0 0V5:ML, L*>t- 1 00 0VEpiDB#coU-^tt 
»£i>6X 1 0- s A/cm2i:/h$V\ HttrfllftttTIi* 

10 0 A/ c m 2 B#iOmjEI^T) # 1 . 20 
2V, ^yJgfltrtM X 1 0- 3 Qcm2i:U5»Sn 

mmwm&3 0 o^mUJiTco/h$^ 

^^--b"C(44 H-S i C (0001) 8Jg:*7S« 

A# v^-f H X'\tm^<rmz.-K% %mPJLt>1xtz. 
[0056] 09 (4. 4H-SiC (1 1-20) 

o<-/yrm$> , o. % l<?) 2mm) & XV 4 H-S i C 

(0001) 8Jg*7«i£«ft3«SI<0S i CSS±t 
•y h*-*^ H<OWJE( J F^ffi)««Siii«fl8»ttS' 30 

h-s i c (oooi) 8m^ymwitco^m^m^ 

XimLtzisa v h^-^-f HTML i@B«a { 5 
x 1 0- 3 cm 2 ~l x 1 0" 2 cm2$:i^§i:tt{:iE 
jWBTP*-*. 4H-S i C (11-20) fflS<0«-&-C 
^•y7rJf £IStt&^*I-£{4€&®«#l x 1 0" 2 

[00 57] <Itl(C*f LT . 4 H-S i C ( 1 1 -2 

o) mm±.iz;*y 7 TrnzmixftMLti^t'?*^* 40 

fUfc&mzm^tztMrlzte. 5 x 1 0- 2 c m 2 gjg<7)« 
flHifBfCtKV^ESrttfifL-ClSO. 0. 0 7cm 2 <7) 
%£-C'*>4 0%W±^#Si 9 "PI 5 0 0 VM±coME. 
W&^tltz. £fz. WJE*fW"C$r< .-10 0 0 VEPJd 
B#<0 'J -^«afflfK^F%«Sr1Effiii:S 500/i mco^ 
4 H-r-Jt^-rS fc . 4H-S1C (0001) 8jg 

jr7a«±^f^L^^M7r-F-c-{48x i o- & a/c 

m 2 , A- x :7TJf<W> (1 1-20) ffi±<7)^ *— 
KT6 X 1 0- 5 A/cm ! t*l.«l:)itU, a' 7 7t 
SS-fSttJt (11-20) m±.<0?4 h"Ct± lxl 50 
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1 6 

0 -« A/ c m 2 i: S *> /h§ o . 
[0 0 58] ClfHi. 4H-SiC (11-20) HSr 

T*?b£AM.®.<7>mmti i m\Zix. L*»{>A.y y r 

mnmmizx^xm&ms i ctiMmz>tit:frt>?*> 

hh^TL^iXh. 4H-S1C (11-20)® 

zm^&ztizx^x&SkmmcwiBii&XK**) . ^ 

i:^d$»JH€&.2>. ^^HJfi^JTii^ 3 -y b*- 

&l^;t>i£AT-^j££ft.*:p n^r^f 3T-H^9- 
4 yx^flteTk, 4H-S i C ( 1 1-20) « 
«£, 15R-S1C (1 1-20) 

[0059] [HMfi«i5] xmmmx'iz, (11-2 
0 ) mmxif (oooi) xymmzz o»j£Lfcs 

i C7X^£ffll,vC. 010 lZ7jk-?n^--\r 
OSFET2 0£imLtz. fflV^S i C»R2(4. St 

L.mmmt&zbtzXixftKLiz (D6H-si 

C (000 1 ) 3. 5l^7St. (2)6H-SiC 
(11-20)I«[. (3)4H-SiC (0001) 8 

Jg*:?£8L (4)4 H-SiC ( 1 1-20) mg.. 

(5)1 5R-S i C (000 1 ) 3. 5flM-7*ttL 

£t/(6) 1 5R-S iC (11-20) mffi.X'$>&. 
[0060] S i cmWL2te£X pMX\ v-ayh=>f- 

2X1 0 18 cm- 3 — 5 X 1 0 18 cm-3. ff$(i3 2 0 fx 
m~3 4 0wmT'fcS. -?"Lt:. =&S i CS6i2±(^ 
CVDffiCi-jT^^iH-rplS i CSSrxh'^dr 

tC. 8X1 0"cm- 3 Klx 1 0 16 cm-3^trn 

Xtm-To. -&tt**»l . 6umCW* yyTm4£BtfLLtz 

&m6<DT?*y?®mi5x 1 0 ls cm-J, MWJ45 



( 



1 7 
SiH4d£fi 

C3HBSSfi 

B2H66Sfi 

H2flftS 



0. 30sccm 
0. 20sccm 

8x10" 6 ~7i10"*sccb 

3.0slm 

150CC 

70# 



filter 



SiH4Sftg 0.48sccm 

C3H8g$S 0. 64sccm 

B2H6i6fi 4x10" 6 seem 

H2flftS 3.0slm 

mm& 15001C 

tftfiiSW 120# 
[006 1] ZCDXolZLXftMLtlS i C^IAt, 

v-x. w<ymm&$L<n>tzMz. mm 

j£Lfc. N^^yaAliHOkeV. 80keV, 5 
OkeV. 2 5 k e vmgBtff V\ Igr-'— X*{*8 
x 1 0" cm-!t Lfc. -ftfySEAUJSi&TffV^ &A 
-f ^^^tt^OTt^O^fitir/^nV^Sffl^* 1 

4 5 0*C. SO^tfDjfefrTfTofc. b'^SHfcC: 
i •) S i «x/\ 1 ±tc*ft»a 2 6 ^MLit. K-fL^ 
fHi. S i C (0001) ^7*^€:fflV^%^(i 1 1 

5 0°C. 3^rat", S i C ( 1 1 - 2 0 ) Iim<7)i§£-f2 
1 1 5 0°C. 1 iWHTfc 0 . i&t&l 2 6 <DJP£(i 3 5- 
4 6 nmtftS. 

[ 0 0 6 2 ] n3HSisj<2 2 . 2 4±£. -?-*X-e'ft 

y-xii2 8, vu < ymmso^Bf&Lrz. v-x 

mfiS2 8i3j;tfF W ^HEffi3 OfCtiT/US/f-^XA 
1: 250nnu Ti: 30nm) S 0 0°CT6 0ftm<7> 

mmzMLtz. £4>£. *6ayi2 6±fc:» Aii^y 

-hH@3 2 (f$200nm) £7gj£U -?-<7)flL 7 

s yytfx ( H2/N2 ) 4>T4 5 ox;. 1 0#[a!<7> 

[00631 MOSFET2 0«ff*/Hli3 

Ojunru f"\>*;Mfti:2 0 Ojumi: ££>(;:. Si 
C ( 1 1 - 2 0 ) I1CMOS F ET 
(i. H^Tft Sr^it LT . K V A V%ffitf< 0 0 0 1 
ft£*:(i< 1-1 0 0>*|6|fc:SaxSJ: 5*cLfc. 

[0064111 Hi, ^MLfcMOSFETcoASW 
SrFU >1«t*jSt^7 7T*6. ^ixti4H-Si 
C ( 1 1 - 2 0 ) £«Lkfci&KLfciSttJi£fflV^ 
^<0 0 0 1 >f4<cWtC^:o-CV^MOSFET 

L* 1 1 -fe'o y — h- tM ■* C * 7 i: =5: S y V * 7 
IWMOSFETt L'Clt#&ftME&l'?V*&. fl&<?5t£ 
SSi^fcMOSFEm. F E TSMHiigSS 
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1 8 

fc. 

[006 5 1 01 2(4. -etieixcOMOSFETtCOV^ 

f . «-imt30V ^T^sfir < k fc 6 flULhOM O S F E T 

ttz. S iC ( 1 1-20) mWLt^ftMLfzMO 
SFETfcOVvCJi. <0 0 0 l^Z^ftljfaCO^X* 

jv&mm(jJL//)t<i-ioo>jjfo «oooi>i 

izmW&Uft) <?)^*/l4£iSJg(jtiX)fc£#tf>. 
10 Jfct^cL*:. 

[0066] 01 2 "7 6H-SiC. 

4H-S1C. 1 5R-S i Ch^Zji ±X'\mt&b . 

(000 1 ) ^7»^±^^S3L^MOSFETJ:0 

(11-2 0) ffiUZtm LfcM O S F E TO;frjW§V* 
^*/W»«fl&6 t »4>ixrv^&. i^Sii LT. ( 1 

1-20) a^±^vge^6T-{4X^-y^N'^>-^ 

im-t&mwmztfi&Miiti. Stfrc-spta&Mosws 

£fc*«:#£S>*t*. (OOOl)fflRt(ll 

20 -2o>««^jt«rr&fc, #tisa«*fcOwsictt 

^■itfy (11-20) H«**y«fi:v^«T, ttfl: 
#(11-20) H^>*4^*v^l:*«Wf 

[ 0 0 6 7 ] act.- sir g 9 a ymzm&UcMctz t . 

6H-S1C (11-20) «K_L«0MOSFETC»i 
Xtl#7 4 cm»/Vs fcJtftftRl v//i±2 
2cmVVsi/)N$V\ £W4. 6H-SiCA';^* 

J!*tt^jS-^A>f ^liSI4L<*v%. 4H-S i ceo 
«^(C(4. (000 1) 8l^7ijHh^MOSFET 

T-«4f-^*;M£tbJg#8 . 4 c m'/v s k*»fc:/hS 

V>*^ (1 1-20) fflE_tCtt/*J- = 46cm*/V 
s . m//= 5 5cm2/Vst^0. ifcKWBff^rffiT 
**ttt/hSV^. — 15R-S1C (1 1-20) 
i«i»MOSFETtll AH = 76cm'/V S> 
At//=64cmWst'$»0, 4 H-S i C X DlV^f 
+ *A*»flb&«»fe*Lfe. ULhcOfe**^, 4 H-S i 
40 C (11-20) » ft*lM415R-SiC (11-2 
0) aSLhtf^RLfeMDMOSFET-Wi-f-r*;^!* 

T. I GBT(Insulated Gate Bipolar Transistor), 

[0068]^. iit^K-fbCioTy-hmfii 
I««*l2 6i»l«U* { , CVDSKiotSiO 
iK&lt«$-ti:**^T , fc4H-S i C**V»I41 5R- 
S i C ( 1 1 - 2 0 ) £ffi^S<9#$*tfrC£>£. * 
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J3UtK9iL*:J: 5C. #JKIifc:€R* S i 
C7xyMcJ:ix«\ ffifrfibWifir (ll-20)(0Si 
C*K?rffl^^7ta6. oxAits i Cflgttlfcxe 
^xA'/H&f^-tirT^ SiCI«O<000 1>i 

L T H^BMt^^rtt^h* V *4 H MX V 9 4 7 * 
tz\tl 5RM*U 94 -rcnmWL&m^htzlsb. S i C7 

tfi&mZtlZ. $ S i Clt±tS i Crt>£3:& 

ttJiS:j£*3-£rt:*£fc:» S i Cl«t S i CSttJifc 

*Wfcl».iH-*£i:0 t T&*. 

[01 3 *^|BJc7)S i C7xy\2r^-rH-C'S.i.. 
[02 3 S i cmWL*<7)-?4 9v>UT&5:Vt>*tAM 

[03 3 HSr&S i C3H8Jb£J&&$-frfcS i CvStt® 
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[04] '<-yyrmcr>j!m fcXtSuy^v^-T^F 

[05 3 7l6Mtf««(||fr&y<'y7rJlfe«^S i C 
i7xyN$r^-t0T'£>S. 

[06 3 1 5R-S1C (11-20) HiiiCmL 

[07 3 *%0J^S i Ci^3 y h*-94 
0T'£>&. 

10 [083 4H-S i C ( 1 1 -2 0) **£±Kj&K$-£ 

[09 3 4H-S i C^ 3 >y h*-94*-WWMW 

[0103 *%BJc7)M O S F E T Z^-tmX'hZ . 
[01 13 4H-S1C <1 1 - 2 0 ) »E_hfc:jft*S 
-e^S i C«14Ji$:fflV>-Cf^SSL/cMOSFET^«»S 

[01 2 3 M§k<7)S i C»KSrffl^T^i5!L^MOSF 

20 e T«f+ *j\s&mm &*-tmx'$) s . 

l-SiC 1 )^ 2-S i Clt, 4-A' 7 7rI, 

! 2-^3 >y 14-*-Attlffi, 2 6- 

IfilM, 2 8-V-XW. 3 0-KHym 32 
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